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(21) Appl. No. 55-155182 (22) 6 11 1980 
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PURPOSk To make the F number of an objective iens bright, and to improve 
curvatur^of field and coma aberration by satisfying prescribed conditions in a 
lens systeiAvconsistmg of a front group lens having positive focal length of cor- 
rected abeiT^ns, and a rear group lens consisting of positive and negative 
lenses and havW positive focal length. k " c 

^^^nhT/Ji V^^®^ K ^^^'^"^ ""sti'uted of a front group lens consisting of 

plural lenses. havi.\positive focal length f„ and F number F, and corrected of 
aberrations, and a re^group lens disposed with positive and negative lenses by^ 
fnnc" n f " positive focal length f,. conditions of the 

? K ~i l^'^ sat.sf.ed\«ere, (f) is the focal length of the optical syster 
(/) is the distance from the^ont face of the front group lens to the focus^of the 
front group lens. Thereby, tl^rear group lens is made usable as a XStion 
lens in an adapter system, the ^Sjumber of the objective lens is mad^right and 
curvature of field and coma abenWions are improved. ^ 




1.0< < 3.0 (!) 

^■l<\< ".O (8) 

8 ^ »1 ^13 (3) 

0.06 / ^ 0.1/1 f*) 



(54) LIQUID CRYSTAL DISPLAY DEVICE 
111) 57-79913 (A) (43) 19.5.1982 (19) 

|21) Appl. No. 55-156537 (22) 7 11 1980 
171) FUJITSU K.K. (72) IKUO T0MITA(3)y 
(51) Int. CP. G02Fl/133,G02Fl/133,G09F9/5 



PURPOSE: To obtain a display deK^ice of good display contrast anHigh rates of 
response despite the small thinness of its panel by roughening the iJiwid crystal 
side surface of at least on^of two sheets of opposite glass substratdVithin a 
range of specific roughnafe. \ 
CONSTITUTION: The lujllid crystal side surfaces of glass substrates 3, 3 arXib- 
jected to a 25^ hy^ofluoric acid treatment or polishing and are roughenSi 
within an Rmax dM-^M range. Transparent conductive films 2, 2 are formed on* 
the roughened sjrffaces and are subjected to orientation treatment thereon with 
polyvinyl alcoKbl or the like. Next, these are sealed to form a thin gap of about 
b// panel thiCkness, into which a liquid crystal is injected and sealed Further 
polarizinp/'plates 4. 4 are stuck together on both surfaces of the panel and a 
^^vT^^^ It provided to one of these, whereby the display device is 
obtanjfed. By the roughening of the substrates 3. 3. the interference of light that 
ocoii-s when the substrates 3. 3 is smooth is eliminated despite the small thick- 
njiSs of the liquid crystal layer 1, the quality of display is improved, contrast is 
/improved and the rate of display response is increased. 
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(o4 PRODUCTION OF LIQUID CRYSTAL DISPLAY CELL 
'ID 57-79914 (A) (43) 19.5,1982 (19) JP 

Appl. No. 55-156619 (22) 711 1980 

CITIZEN TOKEI K.K. (72) HIROYUKI HAYASHI 

Int. CP. G02Fl/133,G02Fl/133,G09F9/00//C09K3/34 

PURPOSE: To prevent the degradation of a liquid crystal display device owing to 
gMjoiL Qf alkaline components of glass and to extend its life bv using a 
transparentjubstrate made tor^forming an gO, layer contg, a specific amt 
ja.^:aU5^"q< ^ ^iU2 layer thereon on Tgll^-^b51TaTe T o '^^^^^^ 
tnicknesses. ' ^ " ' ' " ■ ■ — 

(ONSTITUTION: An.SiO, layer Ib^ontg. 0.1~2wt% P,0, is formed o n a glass ' 
substra teja contg. a l_kaline comp onents such as soda lime plass bv immp rQinf," 
he glass la in a soln. of a silicic acid and a phosphoric acid then calcining 
tne same. It is then immersed in a silicic acid soln.. after which it is calcined 
r SaJiQUi Yer Ic is formed on the lajr er lb. Thejayers lb. lc_are both 
, torrned ■to_550A thicknesses, transparent conailctive patterns and nripntVH,.., 
cont£ol_filfflrare formed respectively on two sheets of such snhsfratP.i i Za \ 
liquid crystal is sealed between the two substrate, whereby the liquid crystal dis~ 
play cell is obtained. The degradation of the liquid crystal by the alkaline com- 
ponents eluted from the substrates la is prevented and the life is extended 
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A Detailed Description 

1. Name of Invention: Production of Liquid Crystal Display 
Cells . 

2 . Claim 

A method for production of liquid crystal display cells 
having the following characteristics: two transparent base plates 
possessing transparent electro-conductive patterns and 
orientation adjustment membranes are attached in a sealed fashion 
to each other with adhesive material; and a liquid crystal is 
placed between the said two base plates; next, a first thin film 
of silicon dioxide containing phosphorus pentaoxide in 0.1 2 
weight % is formed on the above-mentioned transparent base plates 
with a thickness of more than 50 A; then a second thin film of 
silicon dioxide with a thickness of more than 50 A is further 
formed. 

3. Detailed Explanations of the Present Invention 

The present invention pertains to a method for production of 
liquid crystal display cells that possess transparent base plates 
on which thin films of silicon dioxide are formed. 

Previously, soda-lime glass, potassium glass and 
borosilicate glass were employed as transparent base plate 
materials used for liquid crystal display cells. However, if 
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glass base plates such as soda-lime glass and potassium glass 
(which contains alkaline components) are used they are in 
producing liquid crystal display cells, alkali ions such as 
sodium ions and potassium ions elute out into the solution and 
degrade the liquid crystals; deterioration phenomena, such as 
increases in consumed currents and enlargements of segment ensue, 
and the life time of the liquid crystal display cells are 
remarkably shortened. For this reason, a method was used to halt 
the elution of the alkali ions by forming thin films of silicon 
oxide on the surfaces of these glasses, but only by using this 
method, it is not enough to prevent the above-mentioned elution. 
Also glass that does not contain alkaline components such as 
borosilicate glass may be used as base plate materials. By using 
this method, the need for coating with the above-mentioned 
silicon dioxide can be eliminated, but the materials are 
expensive, therefore incurring a high cost, and this glass is not 
suitable for mass production; so, soda-lime glass is used in 
general as the base material. 

Following, we will explain a case in which soda lime glass is /78 

used. 

As thin films to prevent the above-mentioned elution of the 
alkaline ions, silicon dioxide was cited, but colorless organic 
synthetic resins also can be used. However, in this case, the 
method is adequate for preventing the elution of the alkaline 
ions, but when the base plates are attached by sealing, in order 
to maintain the adhesion strength of the above-mentioned organic 
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synthetic resins which exist at the part where the adhesive 
material comes in contact must be removed; this makes the 
processing quite cumbersome and requires many manufacturing 
steps, and in general, the method is not used widely. 

On the other hand, silicon dioxide is a material generally 
used as a coating material and when a minute amount of phosphorus 
pentaoxide is added to it, it becomes possible to further and 
with certainty prevent the elution of the alkalis. The reason is 
that the above-mentioned phosphorus pentaoxide has a function of 
attracting the alkali-components in soda-lime glass. 

However, when the coating material is only coated in one 
layer, there are many minute pin holes and through these pin 
holes, alkaline ions are eluted. Even so, the life time of 
liquid crystal display cells are prolonged compared with the case 
without any coating material, but when a further improvement is 
desired, a method of forming coating materials in two layers can 
be used. However, previously, in order to form the coating 
material in two layers, silicon dioxide containing phosphorous 
pentaoxide was used as the second layer coating material and also 
the first layer coating material. However, although the life 
time of liquid crystal display cells is prolonged more than the 
case where there is only one layer of coating, it did not become 
a really satisfactory one. The reason is that the phosphorous 
pentaoxide contained in the second coating layer is eluted out to 
the liquid crystals, thereby lowering the life time of liquid 
crystal display cells. Namely, the phosphorous pentaoxide acts 
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in giving negative effects to the liquid crystals as an acidic 
component . 

Therefore, the object of the present invention is to further 
prolong the life time of liquid crystal display cells and the 
main essential is that, as the coating materials of the base 
plates, silicon oxide containing phosphorus pentaoxide is used 
for the first layer and silicon dioxide without phosphorus 
pentaoxide is used for the second layer. 

In what follows, one embodiment of the present invention 
will be explained with figures. Fig. 1 is a cross-section 
diagram of the liquid crystal display cells formed by the 
embodiment of the present invention and Fig. 2 is an expanded 
diagram of the transparent base plates 1 of Fig. 1. 

In Fig. 1, 1 and 2 are transparent base plates made of soda 
lime glass and 3 and 4 are transparent electro-conductive 
patterns formed by etching after indium oxide was vapor 
deposited. 5 and 6 are orientation adjustment membranes formed 
by oblique vapor deposit of silicon monoxide. 7 and 8 are 
adhesive materials used for sealing the liquid crystal layers 9 
and are made of epoxy resins . 

In Fig. 2, la is soda lime glass with a thickness of 0.5 imn; 
lb is a first-layer coating material composed of silicon dioxide 
containing phosphorus pentaoxide and formed by immersing the soda 
lime glass la in a solution composed of silicic acid and 
phosphoric acid and then by sintering. Further, Ic is a second 
layer coating material made of silicon dioxide without phosphorus 
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pentaoxide; it is formed by iimnersing the soda lime glass la on 
which the first layer coating lb was formed into a silicic acid 
solution and then by sintering. Also, in Fig. 2, an expanded 
diagram of the first transparent base plate was shown but the 
same state exists for the second transparent base plate 2. The 
ratios between the initial current consumption and the current 
consumption after high temperature tests, where as liguid 
crystals, Schiff basic liguid crystals were used and the liguid 
crystal display cells with various coating materials were 
subjected to high temperatures (70°C, 90 %, 10 days) are given in 
Table 1. It is clear from Table 1, the superiority of the 
present invention has been proven. 

Also, when the amount of phosphorus pentaoxide in silicon 
dioxide used as coating is less than 0.1 weight %, there exists 
hardly any affinity with the alkaline components in the soda lime 
glass and while it exceeds 2 weight %, pealing of the coating 
material is observed at the etching process to form transparent 
electro-conductive patterns; therefore, in essence, the amount of 
phosphorus pentaoxide is preferably to be 0.1 - 2 weight %. 
Also, if the thickness of the coating material is less than 50 A, 
there is no recognizable effect in attracting the alkali 
components, thus it is necessary to have a thickness of more than 
50 A. 

As explained above, according to the production method of 
liguid crystal display cells (of this invention), it is possible 
to obtain transparent base plates of high reliability easily and 
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to control the increase in consumed currents to a small value; 
therefore, its life time can be prolonged and liquid crystal 
display cells without flaws in impeding displays can be obtained. 



Table 1: The ratios of consumed current for liquid crystal /79 
display cells using various coating materials. 



Varieties ot^"----......,....^^^^ 

Coating Materials 


Current consumptions compared 
with the initial state 


A No coating 


>8 


B One layer of coating 
SiOg + 0.1 wt % 
P2O5 

Membrane thickness 1,000 A 


5-6 


C Two layers of coating 

Coating material same as B, 
Twice 


2-4 


D Two layers of coating 
First layer: same as B 
Second layer: 

Membrane thickness 1,000 A 


<2 



4. Brief Explanations of Figures 



Fig. 1 is a cross-section diagram of a liquid crystal 
display cell produced by the manufacturing method of the present 
invention and Fig. 2 is an expanded diagram of the transparent 
base plate 1 of Fig. 1. 
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1,2: transparent base plates; 

3,4: transparent electro- 
conductive patterns; 

7,8: adhesive materials; 



lb, Ic: coating materials; 

5,6: orientation-adjustment 
membranes ; 

9: liquid crystal layer. 



Figure 1 




Figure 2 



